One perspective model for the creation of the learning environment and engendering students' thinking development is the Project-Based Collaborative Learning (PBCL) model. This model organizes learning by collaborative performance of various projects. In this paper we describe an approach to enhancing the PBCL model through the creation of result-based accountability. Enhancing the model results in organizing PBCL as a two-phase process, creation of accountability for the students and their learning results, specific formation of a knowledge heterogeneous collaborative group, and the design of a learning assessment system. The teacher is accountable for teaching the subject through a sample project realized during the first phase of the process. Collaborative performance of group projects is realized in the second phase of PBCL. Student accountability for performance of determined project tasks is created on the basis of self-assessment of knowledge. A collaborative group is formed as a result of the coordination of personal accountabilities of students, taking into account teacher requirements providing students' shared accountability in performance of a group project. The learning assessment system includes: the initial formative assessments when studying a subject according to knowledge levels, inducing the building of higher-order knowledge; self-assessment that allows student accountability for learning outcomes; assessment knowledge built by students, owing to collaborative project performance; assessments when studying a subject; assessments of collaborative skills and accountability skills, and combined summative assessments. The approach promotes the collaborative building of knowledge, facilitation of knowledge sharing among students, and effective construction of higher-order thinking skills, accountability skills, and collaborative skills.
Introduction
A modern organization functioning in a knowledge-based society requires that specialists have high professional intellect. Professional intellect is formed by knowledge and social intelligence (Quinn, Anderson & Finkelstein, 1998; Goleman, 2007) . Knowledge can be represented in four levels: know-what, know-how, know-why, care-why (Quinn, Anderson & Finkelstein, 1998; Tiwana, 1999) . Obviously, such specialists are the most suitable in terms of accountability for the achievement of needed results in an organization. Creating accountability for results promotes active and creative work (Connors & Smith, 2011) .
The four knowledge levels have their determined roles in education. Thus, the know-what level represents cognitive knowledge; the know-how level deals with practical problems of design based on a synthesis of knowledge; the know-why level refers to deep knowledge of complex cause-and-effect relationships; the care-why level represents self-motivated creativity. Know-why and care-why knowledge levels develop higher-order thinking skills. These skills are critical thinking, problem solving, and learning to learn (Dym et al., 2005) .
Specialists are prepared by an academic institution with a student-centered learning environment favorable toward responsible learning and accountability for results (Garrison, 1992; Reeves, 2004; Krantz & Soo Hoo, 2005; Doyle & Taqq, 2008) . The environment promotes goal setting and reflection, decision-making resulting in attainment of learning results, organizing feedback, critical thinking, and collaborative problem-based learning. Therefore, creating suitable result-based accountability can serve as leverage to acquire higher-order thinking skills in students.
Analysis of various methods, models and means of organization of teaching and learning tells us that project-based collaborative learning (PBCL) is a student-centered learning model providing the development of lifelong learning skills, thinking skills, and problem-solving abilities (Thomas, 2000; Felder & Brent, 2001; Solomon, 2003; Barkley, Cross & Howell, 2004; Savery, 2006; Ravitz, 2009; Bender, 2012) . PBCL allows students to practice, gain, and improve soft skills such as leadership skills, social communication skills, and conflict resolution skills. These skills are difficult to improve through teaching materials alone.
PBCL is the most suitable model for creation of an environment that induces student accountability for learning resulting in building higher-order thinking skills. Students have to make decisions in order to attain positive results. Feedback furthers the quality of a project's outcome. Collaborative learning by doing occurs during joint realization of project tasks. Students drive their own learning through inquiry and collaborative work to create projects that correspond to their knowledge. Problem-based learning is promoted by the need to search for ideas and make decisions that create a positive result.
The central role in the creation of the PBCL environment is given to an instructor. The instructor should guide, facilitate, and stimulate the process of building higher-order thinking skills by creating accountability for learning results. A learning assessment system can support realization of the instructor's role. The system should keep students motivated and involved. Flexibility and complexity of an assessment provide relevance to desired learning outcomes. An assessment should promote accountability for learning results. Assessment should be a guided, dynamic, formative, and summative process (Shavelson, 2009 ).
The ultimate goal is development of an approach to enhance PBCL, directed towards forming and sustaining a learning environment which promotes knowledge building, construction of higher-order thinking skills, accountability skills, and collaborative skills through the creation of result-based accountability for students.
Related Research
The goal of teaching and learning based on the use of the PBCL model is to provide collaborative knowledge building, construction of higher-order thinking skills, and collaborative skills (Stahl, 2006; Scardamalia & Bereiter, 2003; Weinberger et al., 2003) . Productive ways to improve collaborative learning lead to the enhancement of the PBCL model through the creation of result-based accountability. It allows development of cognitive skills applicable to individual and social responsibility (Shavelson, 2009 ). The approaches, methods, and tools reviewed here are examined relative to various aspects of this process. Markham (2012) notes that learning projects still concentrate on teaching content but not on acquiring skills and habits of investigation. To overcome this, the author suggests an approach to powerful projects, and specific management of project performance involving building higher-order knowledge through collaboration. Krantz & Soo Hoo (2005) suggest a new approach to student-centered learning.
Krauss &Boss (2013) created the project-based learning spiral. The spiral serves as practical guidance for teachers in creating critical thinking and needed learning experiences in PBCL. It helps instructors determine how projects can be expanded in scope, complexity, and impact. Maltese (2012) stresses the need for a transition from a content-based system to a skills-based system. He affirms that engaging students in higher-level thinking by means of PBCL allows for higher-level thinking skills. The author emphasizes collaborative learning is both the strategy and the goal of PBCL. It serves as a means of student engagement in creative problem solving, and learning to work together. The author reveals skills of a group that function efficiently. These skills are communication, trust, shared leadership, and creative problem solving. Stanton & Fairfax (2007) have determined a productive collaborative environment. It should provide interdependence of the students on a project, individual accountability, face-to-face interaction, appropriate use of collaborative skills, and group processing. Debbie (2009) emphasizes the significance of group composition in PBCL. Krauss & Boss (2009) describe a learning environment providing reflection and sharing within the project life cycle. Wiliam (2011) describes strategies of formative assessment: clarifying, sharing, and understanding learning intentions and criteria for success; creating effective discussions, and project tasks that promote learning; providing feedback that drives learning; and activating individual and collaborative learning. Daradoumis, Xhafa & Marquès (2002) suggest evaluating a project by means of two types of evaluation: formative and additive. The whole learning process is evaluated through formative assessment. Additive evaluation is assessment of documents and reports produced in various learning situations during project development. Ellis & Hafner (2008) propose the criteria for assessment of PBCL. According to these criteria, each student is evaluated based on the work of his team and his individual work as a member of the team. Ellis & Hafner (2007) developed a tool for conducting three kinds of PBCL evaluation: assessment by an instructor, self-assessment, and peer assessments. Markham (2012) is quite right contending that creativity assessment is needed.
Individual accountability is a critical component of successful PBCL. Reeves (2004) discusses student-centered accountability systems. Stanton & Fairfax (2007) propose enforcing individual accountability through forming productive collaborative groups providing team member compatibility, creating group roles, and use of peer assessments. Shavelson (2009) emphasizes the need to provide mutual adjustment of formative function of accountability, conducive to changing the organization of teaching and learning, and the summative function of accountability directed towards determining the extent of accountability. Improvement of teaching and learning can be attained through coordination of assessment and accountability systems, learning outcomes, cognitive outcomes, and individual and social responsibility outcomes.
The analysis of publications discussed here shows that no complex approach exists for enhancing PBCL through the creation of student accountability for learning results. The proposed complex approach to enhancing PBCL through creating results-based accountability of students will further motivate productive learning due to:
• Promotion of knowledge building by students as a result of creating individual accountability for learning results based on self-assessment built knowledge, sharing accountability among students, and between a teacher and students
• Engendering the acquisition of higher-order thinking skills in students as a result of a guided formative assessment of student knowledge relative to different knowledge levels
• Facilitation of knowledge sharing among students due to formation of knowledge heterogeneous collaborative groups based on coordination of personal accountabilities among students
• Receiving feedback on learning as a result of complex summative assessments of students, including assessment of a student's knowledge by the instructor; assessment of studying of a subject; assessment of accountability skills; assessment of collaborative skills, and combined summative assessment.
The Approach to Creating Accountability for Project-Based Collaborative Learning
The aim of the approach is to provide effective studying of a subject by inducing the building of knowledge and higher-order thinking skills, and acquiring accountability skills and collaborative skills through the creation of accountability for learning results in the PBCL environment.
The proposed approach has the following procedures:
A. Organizing the teaching and learning of a subject
B.
Creating accountability for performance of the project tasks
C. Forming knowledge-heterogeneous collaborative groups

D.
Complex summative assessment of students after group projects are completed
A. Organizing the teaching and learning of a subject
Organization of the teaching and learning of a subject involves conducting a description of subject, development of a sample (type) project, setting formative assessments of studying of a subject, and organization of teaching and learning.
Description of a subject includes:
• A list of subject topics
• Course requirements from a student. After studying a subject, a student should know its concepts, get results by applying theoretical knowledge, explain cause-and-effect relationships, and form creative solutions.
• Need-to-know list of subject-relevant knowledge. Subject-relevant knowledge is cumulative knowledge that should be built by students during the course. Subject-relevant knowledge is characterized by knowledge levels. The knowledge levels are: know-what (k 1 ), know-how (k 2 ), know-why (k 3 ), care-why (k 4 ). Subject-relevant knowledge is aggregate topic-relevant knowledge, which is required knowledge of mentioned levels related to a subject topic.
Development of a sample project consists in the creation of a set of project tasks, determining the order of the task's performance, and establishment of correspondence between a subject and a sample project relative to the required knowledge. A set of project tasks should correspond with a set of subject topics, which means that one task of a sample project should correspond to each subject topic. Project-relevant knowledge (knowledge required for performance of the project) should be equal to subject-relevant knowledge.
Example 1
Knowledge relevant j topic is K j = <k j 1 , k j 2 , k j 3 , k j 4 >, where j=1,…,n; n is the quantity of subject topics. Knowledge relevant j project task is K j = <k j 1 , k j 2 , k j 3 , k j 4 >, where j=1,…, n. Since each subject topic corresponds with one project task, then n is the quantity of project tasks.
Setting formative assessments when studying a subject includes setting the fixed assessments relative to different knowledge levels, subject topics, and tasks of a sample project. Setting the fixed assessments relative to different knowledge levels is a requirement for studying a subject. Thus, a requirement for development of higher-order thinking skills creates more assessment sizes for know-why and care-why levels. Formative assessments should be set to induce the building of accountability skills and collaborative skills.
Example 2
A fixed assessment of accountability skills equals 12%. A fixed assessment of collaborative skills equals 10%. The fixed assessments for studying of a subject according to knowledge levels are represented in Table 1 . Setting of fixed assessments relative to subject topics and the tasks of a sample project are presented by Example 3.
Example 3
If a subject includes 6 subject topics, then the fixed assessments of topic-relevant knowledge of a student relative to know-what, know-how, and know-why levels (Table 1) are equal to 1%, 3%, and 4%, accordingly. Since each task of a sample project corresponds with one subject topic, then fixed assessments of task-relevant knowledge (knowledge needed for performance of each project task) relative to know-what, know-how, and know-why levels are equal to 1%, 3%, and 4%, accordingly.
The fixed assessment of task-relevant knowledge relative to care-why level depends on the quantity of tasks for which a student of a study group should be held accountable. Thus, if the quantity of tasks for which a student is accountable is three, then the fixed assessment of task-relevant knowledge relative to care-why level equals 10%.
The teaching and learning of a subject is organized into a two-phase process. The teaching and learning of a subject are realized through performance and completion of a sample project by a study group in the first phase. Continuation of subject study is realized through the students' collaborative performance of group projects in the second phase of this process. A teacher is accountable for teaching a subject in the first phase, and for facilitation and promotion of collaborative learning in students during the second phase.
B. Creating accountability for performance of the project tasks
Each student realizes self-assessment knowledge owing to the studying of a subject through a sample project. Then, a student compares his knowledge with the task-relevant knowledge needed for the group project. The project-relevant knowledge is equal to the sample project's relevant knowledge. As a result of comparison, the student determines possible tasks that he can perform and for which he would be accountable. According to his opinion, the determined tasks are the most suitable for successful performance (attaining result) because he has the needed knowledge. A student should accept accountability for a fixed quantity of tasks.
C. Forming knowledge heterogeneous collaborative groups
The requirements for forming the collaborative group are determined by an instructor. The requirements are:
• A student may participate in only one group project
• All tasks of the project should be performed
• Maximal allowed quantity of students in a collaborative group is fixed
• The students of a collaborative group should participate in performance of all project tasks
• The students in a collaborative group should be accountable for performance of a fixed quantity of different project tasks
• All students in a collaborative group should be interdependent relative to the results of performance of project tasks for which they are accountable. It allows sharing of accountability.
The students of a study group discuss the possibility of collaborative performance of group projects by taking into consideration the requirements. During discussion, every student compares tasks for which he would be accountable with those tasks chosen by other students of a study group and the performance for which they would be accountable. The aim of comparison is to evaluate the possibility for collaboration of the student with other students during performance of a group project. As a result of compared analysis of tasks selected by students, the participants of knowledge heterogeneous collaborative groups for performance of the group projects are specified. Each collaborative group should satisfy the aforementioned requirements. The project tasks selected earlier by a student can be replaced by other tasks due to coordination with students of a study group.
Example 4
A sequence of the type of tasks z 1 , z 2 , ….., z 6 of the group project are determined. A number of the task reflects the priority of its performance. A study group contains 6 students. Maximal allowed quantity of students in the collaborative group is equal to two. Then, the quantity of collaborative groups must be equal to three. After self-assessments of knowledge and study group students' discussion, collaborative groups for performing group projects are formed. So, the fist collaborative group includes student s 1, accountable for tasks z 2 , z 4 , z 6, and student s 2, accountable for tasks z 1 , z 3 , z 5 . All aforementioned requirements for forming collaborative groups are observed. Thus, sharing accountability is built in since performance of the task z 2 by student s 1 requires prior performance of the task z 1 by student s 2, and so on. Every student makes the acquaintance of fixed assessments of studying a subject (Table1), accountability skills, and collaborative skills (Example 2).
D. Complex summative assessment of students after completion of group projects
Complex summative assessment of students by an instructor after completion of group projects includes assessment of a student's knowledge by the instructor; assessment of studying a subject; assessment of accountability skills; assessment of collaborative skills, and combined summative assessment.
Assessment of student knowledge built through collaborative performance of group projects is realized by the instructor through control questions with different knowledge levels and the examination of group projects. If a student answers questions of a certain knowledge level correctly it means he has knowledge at that level. The questions are related to subject topics. In this way the instructor evaluates correspondence between a student's knowledge and subject-relevant knowledge. The fixed assessments for various knowledge levels are taken into account. As a result, assessment by the instructor of a student's knowledge is made.
Example 5
The results of examination of student s 1 and s 2 of a collaborative group (Example 4) after performance of a group project are contained in Table2. Row names correspond to knowledge levels relative to project tasks. Lower and upper indices denote task numbers and knowledge levels accordingly. Fixed assessments of knowledge levels are shown. Column names correspond to student IDs. Knowledge of a certain level built by a student is marked at the intersection of a row and a column. If knowledge built by a student corresponds to a requirement, then the intersection of a row and a column is marked as "v". If knowledge does not satisfy the requirement completely, then the corresponding assessment is marked. If knowledge was not built by a student, then the intersection of the row and column is empty. The last row of Table2 contains instructor assessments of student knowledge. 
3 (4%) K 6 4 (10%) V Knowledge assessment by an instructor 61 68 Assessment of the studying of a subject by students consists in an instructor's determination of their knowledge building results. Analysis is realized through assessment of a student's knowledge relative to the determined knowledge level.
Assessment of the studying a subject by a student relative to knowledge level is realized by comparison of assessment of the student's knowledge and a fixed assessment of subject study according to knowledge level. Such comparison is carried out by using the following formula:
(1) where g j (s i ) is an assessment of knowledge built by student s i relative to j knowledge level, g j is a fixed assessment of a study subject for j knowledge level, μ j (s i ) is a coefficient of the success of studying a subject by student s i relative to j knowledge level.
The value of the coefficient of success characterizes proportional parts of different levels of built knowledge. Thereby, analysis of the results of knowledge building through PBCL should be realized by examination of values of the coefficient of success of studying a subject. Maximal value of the coefficient of success of studying a subject equals zero. It empowers evaluation of a lack of personal knowledge by comparing a calculated value of the coefficient of success of studying a subject relative to j knowledge level with the maximal value of the coefficient of success.
Example 6:
The assessment of knowledge of the student s 1 relative to the third knowledge level calculated on the basis of data from Table2 is g 3 (s 1 ) = 10%. The fixed assessment of a study subject relative to this knowledge level is g 3 = 24 (Table1). Hence, the coefficient of success of studying a subject by a student s 1 relative to the third knowledge level according to formula (1) is μ 3 (s 1 ) = -0.58. Analogously, the assessment of knowledge of the student s 2 relative to the third knowledge level is g 3 (s 2 ) = 16%. The coefficient of success of studying a subject by a student s 2 relative to the third knowledge level is μ 3 (s 2 ) = -0.33.
Comparison of value of coefficient μ 3 (s 1 ) and the maximal value of the coefficient of success of studying a subject equal zero allows for the conclusion that student s 1 has an essential lack of knowledge at this level. Comparison of calculated values of coefficients of success of student s 1 and student s 2 to the maximal value of the coefficient of success allows for the conclusion that student s 2 is closer to achieving the purpose of studying a subject relative to the knowledge level.
Calculation of a coefficient of success in studying a subject by a student according to formula (1) can be carried out for aggregate of knowledge levels. For that, a fixed initial assessment of a study subject for several knowledge levels is determined as a sum of fixed assessments of knowledge for corresponding levels. Assessment of the studying of a subject relative to a chosen set of knowledge levels is determined as a sum of assessments for corresponding knowledge levels.
Example 7:
The assessment of knowledge of the student s 1 is relative to an aggregate of third and fourth knowledge levels calculated on the basis of data from Table2 is g 3, 4 (s 1 ) = 35%. The fixed assessment of a study subject relative to these knowledge levels is g 3,4 = 54% (Table1). Hence, the coefficient of success in studying a subject by a student s 1 relative to these knowledge levels is calculated by formula (1) is μ 3,4 (s 1 ) = -0.35. Analogously, the assessment of knowledge of the student s 2 relative to the knowledge levels is g 3,4 (s 2 ) = 46 %. The coefficient of success of studying a subject by a student s 2 relative to the knowledge levels is μ 3,4 (s 2 ) = -0.15. Comparison of calculated values of the coefficients of success of student s 1 and student s 2 allows to conclude that student s 2 has essentially more higher order knowledge.
The assessment of knowledge of the student s 1 relative to all knowledge levels is g(s 1 ) = 61% (Table2). The fixed assessment of a study subject is g = 78% (Table1). Hence, the coefficient of success of studying a subject by a student s 1 calculated by formula (1) is μ(s 1 ) = -0.22. Analogously, the coefficient of success of studying a subject by a student s 2 is μ(s 2 ) = -0.13. Comparison of calculated values of the coefficients of success of studying a subject by the students s 1 and s 2 allows to conclude that the results are close. Yet, according to aforementioned, student s 2 differed from student s 1 by building higher order knowledge. It allows to conclude that student s 2 is more successful in building higher-order thinking skills, and student s 1 is more successful in building knowledge at first and second levels.
Assessment of accountability skills is based on the next argument. For example, a student assumes accountability for the completion of determined project tasks. It induces the student to aspire toward creative solutions during performance of the project tasks for which he is accountable, and corresponds with the care-why level of knowledge. Hence, assessments of accountability skills should be determined through comparison of assessments in studying a subject relative to the care-why level of knowledge by students. The objective of comparison is to determine those students who obtained a maximal assessment. Then, the assessments of accountability skills are calculated proportionally to the assessments of studying a subject relative to the care-why level of knowledge on the basis of fixed assessment of accountability skills.
Example 8:
The fixed assessment of accountability skills is 12%. This assessment is obtained by the student s 2 since the assessment of studying a subject relative to the care-why level of knowledge by the student is maximal and equals 30% ( Table 2 ). The assessment of studying a subject by the student s 1 relative to care-why knowledge level is 25% (Table  2) . Hence, the assessment of accountability skills obtained by the student s 1 equals 10 %.
Assessment of collaborative skills is determined based on comparison of assessments of studying a subject relative to know-how and know-why levels of knowledge by students during collaborative performance of group projects. The objective of the comparison is to determine those students who obtained a maximal assessment relative to these knowledge levels. Such assessment can serve as a measure of success of collaboration of a student with other students of the collaborative group, created by specificity of the collaboration group.
The collaborative group is knowledge heterogeneous owing to need of observance of the aforementioned requirement of sharing accountability for performance of the project tasks among members of the group. It fosters and facilitates knowledge sharing among students.
The assessments of students' collaborative skills, therefore, should be calculated proportionally to the assessments of studying a subject relative to know-how and know-why levels of knowledge on the basis of fixed assessment of collaborative skills.
Example 9:
The fixed assessment of collaborative skills is 10 %. This assessment is obtained by the student s 2 since the assessment of study of a subject by the student relative to know-how and know-why levels of knowledge is maximal and equals 34% ( Table 2 ). The assessment of study of a subject relative to these levels of knowledge by the student s 1 equals 25% (Table 2) . Hence, the assessment of collaborative skills obtained by the student s 1 equals 7%.
The combined summative assessments characterize outcomes of PBCL. These assessments are determined by summation of knowledge assessment as determined by an instructor and assessments of accountability skills and collaborative skills.
Example 10:
Results of calculating combined summative assessments of students are represented by the last row of Table 3 . Enhancing PBCL according to the proposed approach is provided by organizing PBCL as a two-phase process, creating accountability for students' learning results, specific formation of knowledge heterogeneous collaborative groups for projects' performance, complex and evaluation of learning results. A bond between result-based accountability and assessment is revealed. The active role of assessment in the bond is determined.
Organizing PBCL as a two-phase process provides sharing of result-based accountability between a teacher and students. Student accountability for results of determined project tasks' performance is created through self-assessments of their knowledge. Specificity of forming a collaborative group consists in the coordination of personal accountabilities of students and the necessity of observance of the requirements to form the collaborative group that are determined by an instructor. These requirements create shared student accountability for performance and completion of group projects and knowledge heterogeneity of the collaborative group.
An assessment system is designed. This system realizes coordination of formative assessments, self-assessments, and complex summative assessments. Peculiarity of the system consists in its aim to promote the building of knowledge and higher-order thinking skills, and acquiring collaborative skills and accountability skills.
The approach provides balance between academic competition and cooperation. The approach promotes the creation of personal results-based accountability and sharing accountability among students for performance results of a learning project, the stimulation and building of higher-order knowledge, facilitation of knowledge sharing among students, and acquiring collaborative skills and accountability skills through the creation of personal accountability for results in the performance of project tasks.
